ABSTRACT: Marine ecosystems throughout the Indo-Pacific region are highly threatened by anthropogenic stressors, yet the faunal interaction between different component habitats remains poorly understood. This information is vital as stress on one inter-connected habitat may have cascade effects on other habitats. The present study focused on the impact of inter-habitat connectivity on seagrass fish assemblages, specifically between seagrass, mangrove and reef habitats. Fish were sampled using a seine net within 3 seagrass habitats (seagrass near to reef, seagrass near to reef and mangrove, and seagrass near to mangrove) within eastern Indonesia. Visual surveys were also conducted within mangrove habitats. Fish abundance and species richness in seagrass beds in close proximity to mangroves was at least twice that found in seagrass beds that were distant from mangrove habitat. The trophic structures of seagrass fish assemblages change from being dominated by predators and omnivores close to the reef, to assemblages high in planktivores and herbivores close to mangroves. We found that mangroves enhance the fish assemblages of nearby seagrass beds probably by increasing the availability of shelter and food provision. This study indicates that Indo-Pacific seagrass beds play an important fish nursery role, which is influenced by the availability of nearby reef and mangrove habitats. Our research supports the need for ecosystem-level management of shallow water tropical habitats, but also suggests that successful management requires local-level knowledge of habitat interactions to successfully enhance or conserve fish assemblages. 
INTRODUCTION
Seagrass beds have enormous biological, economic and social value (Costanza et al. 1997 , de la TorreCastro & Rönnbäck 2004 ), yet they are currently facing an unprecedented level of anthropogenic stress and degradation (Orth et al. 2006 ). At present, our knowledge of these systems remains poor for the majority of bioregions (Kenworthy 2000 , Sheaves 2005 , Orth et al. 2006 . This is particularly evident within the IndoPacific region, and more specifically for the southeast Asian region (Sheaves 2005 , Unsworth et al. 2007 .
Connectivity between tropical shallow water habitats influences many fish and crustacean assemblages (Nagelkerken et al. 2000 , Mumby et al. 2003 . In this study we define inter-habitat connectivity as the migration of fauna between habitats, both at different stages of their life cycle (Cocheret de la Morinière et al. 2003 , Nakamura & Sano 2004 ) and on a daily basis following diel and tidal cycles (Sogard et al. 1989 , Unsworth et al. 2007 ). Most previous tropical marine habitat connectivity studies have focused on coral reefs (Nagelkerken et al. 2001 , Nakamura & Sano 2004 , Mumby 2006 , with the impact of habitat connectivity on seagrass fish assemblages remaining poorly understood (Dorenbosch et al. 2006 ). Such information is important for ecosystem-level management and is vital for conserving habitats that are heavily exploited and widely threatened (Sheaves 2005 , Orth et al. 2006 . The few available studies from the Indo-Pacific region have focused on the influence of the spatial configuration of adjoining habitats to seagrass beds and their impact on fish assemblages and have indicated varying degrees of connectedness, yet no ecological basis has been provided to explain the observed patterns (Kochzius 1999 , Dorenbosch et al. 2006 ; therefore, understanding of seagrass fish assemblage connectivity is poor, particularly within the diverse Indo-Pacific region (Kochzius 1999 , Nakamura et al. 2004 , Unsworth et al. 2007 .
Limited knowledge of seagrass fish assemblages is also exacerbated by studies using protocols that exclude diel sampling. Although it is well recognised that shallow water habitats experience diel faunal migrations (Nagelkerken et al. 2000 , Unsworth et al. 2007 , the majority of research on seagrass fish assemblages has not included diel sampling (e.g. Nagelkerken et al. 2000 , Mumby et al. 2003 , Dorenbosch et al. 2006 , Verweij et al. 2006 . Exclusive day-time sampling has the potential to under-sample an assemblage by over 45% (Unsworth et al. 2007) . Research is required that provides sound ecological evidence to explain the observed variability in seagrass fish assemblages of the Indo-Pacific, a region containing the world's most diverse marine fauna.
Habitat connectivity may also result from export of organic carbon and nutrients; for example, mangroves are net exporters of organic material (Boto & Bunt 1981 , Nedwell et al. 1994 ). The organic material may be locally exported from mangroves to nearby tidal flats (Lee 1995 , Meziane & Tsuchiya 2000 and has the potential to stimulate the food web resulting in increased faunal abundance (Alongi 1990) . We propose that a stimulated food web may enhance local fish assemblages.
When inundated by tide, mangroves provide fish from seagrass beds and reefs with rich and productive areas where they may forage for food; additionally they provide structure and shade that may serve as protection from predation (Laegdsgaard & Johnson 2001 , Nagelkerken & van der Velde 2002 , Verweij et al. 2006 . For fish migrating between habitats, the journey between a seagrass bed and a proximate mangrove will incur a lower risk of predation and reduced energetic cost compared with a distant mangrove (Sheaves 2005) . We hypothesise that the proximity of feeding grounds and areas of shelter, such as mangroves or reefs, to seagrass beds may, therefore, enhance fish abundance or richness by providing individuals with favourable spatial characteristics associated with those nearby habitats compared with those lacking such nearby habitats. Reefs may also affect seagrass fauna by providing clear oceanic water from deeper water that has the potential to increase the flushing rate of seagrass beds and potentially act as a source of additional zooplankton and fish larvae. We theorize that nearby reefs may increase the abundance of predatory reef fish undergoing diel and tidal feeding migrations (Kochzius 1999) .
Although mangroves are generally considered important habitat for juvenile reef fish (Nagelkerken & van der Velde 2002 , Mumby et al. 2003 , this is not the case within the Indo-Pacific, where in some cases mangroves play a very limited nursery role for coral reef fish species (Laroche et al. 1997 , Dorenbosch et al. 2006 . It may be that mangroves have indirect or secondary impacts on the juvenile fish in adjacent habitats. This is particularly important in light of recent findings that juvenile fish settlement is selective, indicating that habitat characteristics are an important determinant of the structure of juvenile fish assemblages (Pollux et al. 2007) . Juvenile fish in the presence of 2 nursery habitats (e.g. mangrove and seagrass) may undertake ontogenetic migrations between habitats to allow for longer periods of development within areas of relative shelter, rather than facing potentially higher reef predation rates; this also allows for the consumption of particular food items that enhance juvenile growth (Cocheret de la Morinière et al. 2003 , Nakamura et al. 2003 . Research in the Caribbean has recently documented that the value of seagrass and mangrove habitats as a juvenile habitat should not be generalised a priori, since habitat configuration may interact with the degree of connectivity between seagrasses, mangroves and coral reefs . By providing areas of temporary shelter or foraging it might be expected that where seagrass, mangrove and reef habitats are closely connected, a more beneficial ecosystem is created compared with one missing these separate components. As a result we postulate that seagrass beds adjacent to mangroves and reefs will have higher juvenile fish abundance than those seagrass beds far away.
The present study used the example of the Wakatobi Marine National Park (MNP), Indonesia ( Fig. 1) to provide a detailed analysis of the impact of adjacent habitats on the fish assemblages of seagrass beds. We aimed to examine how the presence or absence of adjacent mangrove and reef habitats influences seagrass fish assemblages. To do this we compared the abundance, species richness, assemblage structure, and trophic composition of fish using seagrass habitats in close proximity to mangroves and coral reefs.
MATERIALS AND METHODS
Study area. Investigations of habitat influences on seagrass fish assemblages were conducted between July and August 2006 on intertidal seagrass beds throughout the Kaledupa subregion of the Wakatobi MNP (Fig. 1) . Three broad categories of seagrass were identified: (1) seagrass beds between fringing reefs and the shoreline (Sg Cor); (2) seagrass beds between fringing reefs and mangroves (Sg Cor-mg); and (3) seagrass beds surrounding mangroves, but far from reefs (Sg Mg). Three independent sites of each habitat type were used throughout the area (Fig. 1) . Sites near to reefs were between 0.5 and 1.0 km from the reef, while those that were far from the reef were between 1.5 and 3.0 km away. Sites far from mangroves were between 3.5 and 6.0 km away. These distances were considered to be sufficient to reduce any mangrove nutrient or organic matter out-welling to negligible levels (Lee 1995) .
Of the 9 sites where observations were made ( Fig. 1) , Langge, Langeria, Bounty Bay, Sombano, Darawa Village and Darawa mangroves were all located in bays sheltered from the prevailing weather and currents, with reduced water turbulence and movement. Paradise Beach, north Hoga and Hoga Beach were all exposed locations, offering little shelter. Although fishing is conducted within all areas of the MNP there is no evidence to suggest that fishing pressure varies between sites used in this study.
Seagrass and intertidal mangroves are abundant within the Kaledupa subregion of the Wakatobi MNP, dominating large areas of the shoreline and covering large coastal areas (> 50 km 2 ). Seagrass beds in this region are dominated by 2 species, Thalassia hemprichii (Ehrenberg) and Enhalus acoroides (L.f.) Royle (Unsworth et al. 2007 ). Low shore intertidal mangroves of the region are dominated by Rhizophora spp. mixed with lower densities of Avennicia spp. and Brugiera spp. higher up the shore. Seagrass is abundant in both the outer edges of the mangrove and the internal channels. The Wakatobi MNP experiences semidiurnal tides with maximum amplitudes of 2.3 m. The low tides always empty the mangroves of water and also expose large areas of seagrass to the air on the larger spring tides.
Habitat and environmental data. Percentage cover of seagrass and other live substrate was estimated at all sites (20 replicate 0.25 m 2 quadrats placed arbitrarily). To monitor water temperature and light intensity a HOBO light and temperature logger (Onset Computer Corporation) was placed on the seabed at each sampling site for 6 daylight hours (10:00 to 16:00 h). Water clarity was measured using a horizontal Secchi disk and a measuring tape whilst snorkelling. Salinity was measured at each site using an analogue refractometer. Six sediment mini-cores were collected (30 mm diameter) and transported to the laboratory for analysis of total organic content (TOC) and particle size. Percentage TOC of the sediment was calculated by incinerating samples in a muffle furnace set at 550°C. Sediment particle size was determined using a Malvern longbed Mastersizer X and the parameter phi (Φ, an inverse descriptor of sediment porosity) was calculated (Folk 1966) .
Beach seining. Beach seine netting is an effective method for sampling diurnal near-shore seagrass fish assemblages (Cocheret de la Morinière et al. 2003 , Unsworth et al. 2007 ). However, there are concerns that seine nets under-sample fast swimming and pelagic fish species, such as jacks and trevallies, and also small fishes such as gobies and blennies (Gell & Whittington 2002) . Additionally, during daylight hours large fish may be better at net avoidance thereby biasing the sampled community structure. Many of these drawbacks of beach seine netting have been discussed by English et al. (1997) and Nagelkerken et al. (2001) . Despite these known problems, this approach remains one of the only non-destructive methods for quantitatively sampling night-time fish populations. Guest et al. (2003) found that seine nets are more appropriate than trawling or trapping to determine the relative proportion of species in a seagrass habitat and estimating the density of most species.
Seine netting was conducted at ~1.2 ± 0.2 m above chart datum during the day (09:00 to 16:00 h) and at night (19:00 to 01:00 h). This was the most appropriate water height for the seine net to work effectively. Ten replicate seine net samples (16 × 1.4 m, 2 × 1 m cod end, 23 mm stretched mesh) were hauled both day and night for 50 m through the seagrass into the shore. This method created a 12 m 'arc' that sampled an area of seagrass of approximately 600 m 2 . All fish caught were identified to species where possible and then returned to the sea at least 100 m away from the sampling point. Sample independence was maintained as all seine hauls were at least 5 m apart and conducted over 2 or 3 sampling trips. No adjacent hauls were conducted consecutively, which allowed sufficient time for the site to recover from sampling disturbance.
Underwater visual census (UVC) within mangroves. UVC was used to determine a minimum estimate of the use of mangrove habitats by juvenile and adult fish observed within seagrass habitats. This was a minimum estimate as no night-time sampling was possible with this technique. Sampling fish assemblages within dense mangroves is logistically difficult. Nets can only catch fish as they move in or out of the habitat and do not create quantifiable density estimates, and traps have high selectivity, whilst the use of poisons (e.g. rotenone) are not appropriate within areas of high conservation value. Day-time UVC was chosen as this method provides fish richness, size and density estimates. Difficulties associated with the use of UVC within mangroves, such as observer bias and fish behaviour, are extensively discussed by Nagelkerken et al. (2002) . Before the study began, a training exercise was conducted to reduce observer bias (see English et al. 1997) . At all of the sites in close proximity to mangroves ( Fig. 1 ) 6 independent 50 × 2 m transects were conducted within dense mangrove forest. These were conducted at high tide (> 2 m) to ensure complete flooding of the habitat. Transects were measured with a tape. It was not always possible to complete the entire 50 m transect due to the high density of the mangrove; therefore, transects were often discontinued and restarted at the next available location.
Data analysis. For the data analysis a distinction had to be made between juvenile and adult fish densities. Fish were classified using maturity data from FishBase (when available) or using the commonly applied 'rule of thumb' that individuals smaller than one-third of the maximum species' length were juvenile (Nagelkerken & van der Velde 2002 , Lugendo et al. 2005 , Dorenbosch et al. 2006 . For species with a maximum length > 90 cm, individuals were recorded as juveniles when < 30 cm long. All maximum length data were obtained from FishBase (Froese & Pauly 2006) . To analyse trophic status patterns of the fish assemblages between different habitat types all species were assigned to feeding categories based on information from a number of sources providing data for both adults and juveniles (Hutomo & Peristiwady 1996 , Khalaf & Kochzius 2002 , Nakamura et al. 2003 , Froese & Pauly 2006 . After analysis, the 40 most abundant fish species were categorised into 1 of 3 groups of habitat association (species associated to seagrass near mangrove, species associated to seagrass near mangrove and reef, no habitat associations). This simple categorisation was only based on the species having a proportionally (~50%) higher mean day and night abundance within that specific habitat over other habitats.
All mean summary statistics were calculated with their standard error. A 2-way nested General Linear Model (GLM) ANOVA on log 10 (x + 1)-transformed data was used to analyse any differences in fish abundance, species richness and individual trophic categories between different habitats and sites. Analysis of differences in fish assemblage structure between habitat type and time of day was conducted using multivariate non-metric multidimensional scaling ordination (MDS) and Bray-Curtis cluster analysis using the computer package PRIMER (Clarke & Warwick 1994). The Bray-Curtis similarity index was applied on square-root transformed data (to down-weigh the influence of rare and extremely abundant species) to generate a rank similarity matrix, which was then converted into an MDS ordination. To check on the adequacy of the low-dimensional approximations seen in cluster and MDS the use of PRIMER v 6.1.5 enabled clusters to be superimposed upon the MDS ordination (Clarke & Gorley 2006) . A 2-way analysis of similarities (ANOSIM) was used to investigate differences identified from MDS and CLUSTER (Clarke & Warwick 1994) . ANOSIM was also used to determine overall significant differences in trophic structure of fish assemblages.
RESULTS

Habitat and environmental variables
Variability existed in both the seagrass habitat structure and the environmental conditions among the 9 sites (Table 1) . Seagrass cover was mostly around 70 ± 10% and was highest at the North Hoga site (Sg Cor) and lowest in Langge (Sg Mg) where water clarity and light intensity were also lowest. Water clarity (Secchi depth) was generally 5 ± 1 m except in Paradise Beach (Sg Cor-mg) where water was very clear (10.7 ± 0.4 m) and at Langge (Sg Mg) where water was highly turbid (2.9 ± 0.2 m). Temperature and salinity did not show large inter-site variability (Table 1 ). The sediment content changed between the different sites indicating differences in their physical condition. Low values of Φ (an inverse descriptor of sediment porosity) at North Hoga (Sg Cor) and Paradise Beach (Sg Cor-mg) indicated they are high energy sites whereas the fine sediment at the Darawa mangroves, Bounty Bay (Sg Cor), Langeira (Sg Cor-mg) and Langge (Sg Mg) suggested that these sites may have had low water movement. Organic content of the sediment was also highly variable among sites, with the highest values recorded at Sombano (Sg Cor-mg), Langeira (Sg Cor-mg) and Bounty Bay (Sg Cor).
Fish assemblages
Total fish assemblage. Fish abundance and species richness in seagrass beds were at least 2 times greater in those habitats in close proximity to a mangrove relative to those far from mangroves (Table 2) . These differences were highly significant during both day and night (Table 3 ). Significant site and habitat interactions Sg Cor-mg Langeria 27.8 ± 5.7 23.8 ± 8.7 8.6 ± 1.1 7.2 ± 0.9 Paradise Beach 9.7 ± 1.2 5.2 ± 1.2 4.1 ± 0.7 2.9 ± 0.4 Sombano 92.8 ± 11.4 44.3 ± 11.3 10.9 ± 0.6 6.4 ± 0.6 Mean 36.2 ± 7.5 18.9 ± 3.3 6.9 ± 0.7 5.2 ± 0.5
Sg Mg Darawa Village 41.5 ± 6.2 31.8 ± 15.6 11.7 ± 0.9 5.7 ± 0.7 Darawa Mangrove 101.6 ± 18.1 63.8 ± 17.9
11.0 ± 0.8 6.5 ± 0.5 Langge 25.3 ± 4.0 10.5 ± 3.6 8.0 ± 0.7 3.5 ± 0.8 Mean 39.0 ± 5.1 12.4 ± 1.6 9.4 ± 0.5 4.7 ± 0.4 illustrated that not all sites conformed to this pattern indicating a site effect (Tables 2 & 3) . Low fish abundance at 2 of the 6 sites in close proximity to mangroves (Langge and Paradise Beach) was masked by high abundance at the other 4 sites. Species richness displayed less intra-habitat variability; only 1 site (Paradise Beach) did not conform to the overall trend of increasing richness with the presence of mangroves ( Table 2 ). The fish assemblage also changed significantly among the 3 different habitat types for both day and night (Table 3) . Fish assemblage structure differed significantly between day and night, and between seagrass beds close to mangroves and those far from mangroves (p < 0.001), but no differences in fish assemblage was observed between seagrass beds with mangroves and reefs (Sg Cor-mg) compared with those associated with just mangroves (Sg Mg). Adult and juvenile assemblages. Seagrass beds in close proximity to both mangrove and reef habitats (Sg Cor-mg) had at least twice the number of juvenile fish than those with only 1 adjacent habitat (Fig. 2) . This increase was fish family dependent (Fig. 3) as higher densities of Acanthuridae, Apogonidae and Plotosidae were observed when all 3 habitats were in close proximity (Sg Cor-mg), but Lethrinidae and Mullidae had greater abundance in the absence of reef proximity (Sg Mg). Some families, such as Muglidae and Carangidae, had greater abundance in the absence of mangroves (Sg Cor). As a proportion of the total fish assemblage, juvenile fish comprised ~14% except in seagrass adjacent to both mangroves and coral reefs (Sg Cor-mg) where 43% of the assemblage were juveniles.
A total of 114 species of fish were identified. Atherinomorus lacunosus, Naso vlamingii, Apogon melas and Apogon ceramensis were the most abundant and were all associated with seagrass that had mangroves in close proximity (Table 4) . Of the 40 most abundant fish species, 17 were associated with seagrass beds in close proximity to mangroves, yet far from reefs (Sg Mg), while 11 species were associated with seagrass close to both mangroves and reefs (Sg Cor-mg) and 5 species associated with seagrass close to reefs (Sg Cor) (Table 4) .
Sixty-three species of fish, at a density of 160 ± 62 fish per 600 m 2 , were recorded within mangrove habitats and were characterised by high variability due to very large shoals of Atherinomorus lacunosus and Apogon ceramensis (2 species that were highly abundant within seagrass). Of these species 38 were also recorded within seagrass habitats (Table 4) indicating that a minimum (daytime estimates only) of 30% of all species using seagrass also use mangrove habitat.
218 Table 3 . Two-way GLM ANOVA and ANOSIM between 3 seagrass habitat types (seagrass + reef, seagrass + reef + mangrove, seagrass + mangrove) for differences in fish abundance, fish species richness and fish assemblage structure during the day and at night in the Kaledupa subregion of the Wakatobi MNP, Indonesia. Fish were sampled both day and night using a beach seine net. All Tukey's pairwise inter-habitat comparisons were significantly different (p < 0. Fig. 2 . Mean (± SE, n = 30) abundance of all juvenile fish shown as a comparison with total adult fish abundance within the 3 seagrass habitat types in the Kaledupa subregion of the Wakatobi MNP, Indonesia. All results are averaged over 3 sites and 10 repeat samples using a beach seine net for each habitat for both day and night. Fish were classified as juvenile using maturation data when available (Froese & Pauly 2006) or when necessary on the basis of being less than one-third of the maximum adult length (Nagelkerken & van der Velde 2002) Trophic structure. Seagrass beds in close proximity to mangroves (Sg Cor-mg and Sg Mg) differed significantly in their trophic structure from those without mangroves nearby (Sg Cor) (Global r = 0.17, p < 0.01). The time of day also significantly altered the trophic structure in all habitat types (Global r = 0.19, p < 0.01). Predatory fish were a dominant component of the fish assemblage in all types of seagrass bed during both day and night; these fed on both fish and invertebrates or exclusively on invertebrates (Fig. 4) . Planktivorous fish were also highly abundant and mostly (> 90%) consisted of 1 highly abundant seagrass/ shoreline dwelling species, Atherinomorus lacunosus. Seagrass beds in close proximity to both reefs and mangroves were the only habitat that contained large numbers of herbivores; this large increase in herbivorous fish was dominated (> 90%) by juveniles of the commercially important reef fish, Naso vlamingii. Night-time resulted in a significant increase in predatory fish (Table 5 ) feeding on both fish and invertebrates or exclusively on invertebrates; this was particularly evident within seagrass habitats that were adjacent to mangroves, but far from reefs (Sg Mg) (Fig. 4) . A significant positive correlation was observed between total fish abundance and sediment TOC content (Pearson's coefficient = 60%, p < 0.05, df = 8) (Fig. 5 ). Significant correlations were also observed between the abundance of predatory fish and sediment porosity Φ, exclusive invertebrate feeders (Pearson's coefficient = 63%, p < 0.01, df = 8), and invertebrate and fish feeders (Pearson's coefficient = 40%, p < 0.05, df = 8). Microhabitat variability (flora), salinity, water clarity and temperature showed no correlation with the observed fish abundance or richness.
DISCUSSION
This study found that seagrass fish fauna increased in abundance and richness, and had different trophic and assemblage structures when in the proximity of mangrove (Tables 2 & 3) . Seagrass habitats were also found to be important for juvenile fishes, particularly when in close proximity to reefs and mangroves (Table 4 , Figs. 2 & 3) . The present study also suggests that local environmental conditions may have additional impacts on the connectivity of seagrass beds with nearby habitats (Fig. 5) . . Mean (± SE, n = 30) abundance of the 10 most abundant families of juvenile fish during both day and night within 3 seagrass habitat types in the Kaledupa subregion of the Wakatobi MNP, Indonesia. All results are averaged over 3 sites and 10 repeat samples using a beach seine net for each habitat for both day and night. Fish were classified as juvenile using maturation data when available (Froese & Pauly 2006) or when necessary on the basis of being less than one-third of the maximum adult length (Nagelkerken & van der Velde 2002) Fig. 4. Mean (± SE, n = 30) abundance of different trophic feeding categories during the day and at night within 3 seagrass habitat types (seagrass + reef, seagrass + reef + mangrove, seagrass + mangrove). All sites are in the Kaledupa subregion of the Wakatobi MNP, Indonesia. Results are averaged over 3 sites and 10 repeat samples using a beach seine net for each habitat for both day and night Table 4 . Mean (± SE, n = 60) abundances during day and night (no. per 600 m 2 ) of the 40 most abundant species (and the abundance of juveniles) in seagrass beds sampled in 3 seagrass habitat types (seagrass + reef, seagrass + reef + mangrove, seagrass + mangrove) in the Kaledupa subregion of the Wakatobi MNP, Indonesia. Densities of seagrass fish observed within mangrove using visual daytime transects are also included. Fish in seagrass were sampled both day and night using a beach seine net. For explanation of categories refer to 'Materials and methods'. Fish were classified as juveniles using maturation data when available (Froese & Pauly 2006) or when necessary on the basis of being less than one-third of the maximum adult length (Nagelkerken & van Mangroves provide important feeding grounds for fish at high tide (Sheaves 2005) as they contain a large biomass of invertebrate fauna (Robertson 1988) . Unlike Caribbean mangroves, Indo-Pacific mangroves are mostly inter-tidal and, thus, represent only temporary habitats (Sheaves 2005) . Fish species within mangroves show a high similarity to those within nearby seagrass beds (Table 4) suggesting that many seagrass fish use mangroves for either feeding or shelter on a daily basis. This role is different to the permanently flooded mangrove habitat of the Caribbean commonly used by juvenile reef fish such as Lutjanidae and Haemulidae as a day-time feeding area (Verweij et al. 2006 ).
There has been recent debate that has highlighted the lack of available information on the complex ecological mechanisms behind faunal inter-habitat connectivity within many regions of the globe (Dahlgren et al. 2006 , Layman et al. 2006 , Sheaves et al. 2006 . This is particularly the case within the Indo-Pacific (Sheaves 2005) . This study found that mangroves, when in close proximity to seagrass, are directly connected through fish movement (Table 4) and possibly indirectly connected through the export of organic carbon from the mangrove (Fig. 5) . The explanation for these results may be partially obscured by the spatial imbalance within our study design. This study indicates that local environmental conditions may have a large influence on this indirect connectivity as trends in our study were not ubiquitous (Tables 2 & 3) . Two of the 6 sites close to mangroves had comparatively low fish abundance, indicating additional factors such as local circulation or habitat structure may be important (Sheaves 2005) .
Despite the spatial imbalance of the 3 habitat types (all Sg Cor sites were located around Hoga Island, as mangroves still remain dominant in most coastal areas with low human impact), we do not consider this to be a major reason for our observed results. No evidence exists to suggest that biological factors (e.g. recruitment processes) vary enough within the region to place an artefactual bias upon Hoga Island. For example, reef monitoring found persistently high fish diversity of similar assemblage composition throughout the entire Wakatobi MNP (including sample sites around the islands of Kaledupa and Hoga) (Halford 2003) .
Due to the strong relationship we found between sedimentary organic carbon content and fish abundance, 222 Table 5 . Two-way nested GLM ANOVA for total fish abundance with Tukey's pairwise inter-habitat comparisons of each trophic group during night and day between 3 seagrass habitat types (Sg Cor = seagrass + reef, Sg Cor-mg = seagrass + reef + mangrove, Sg Mg = seagrass + mangrove) in the Kaledupa subregion of the Wakatobi MNP, Indonesia (only significant differences shown). Fish were sampled at 9 sites both day and night using a beach seine net. There were no significant comparisons for herbivorous species Fig. 5 . Relationship between mean total fish abundance (± SE, n = 20) and mean total organic carbon content (± SE, n = 6) of the sediment (% of sediment) at 9 sites comprising 3 seagrass habitat types (seagrass + reef, seagrass + reef + mangrove, seagrass + mangrove) within the Kaledupa subregion of the Wakatobi MNP, Indonesia. All fish abundance data were obtained using a beach seine net and averaged over both day and night sampling. Pearson's correlation coefficient is shown we hypothesise that the supply of organic carbon to the food web (possibly from adjacent mangrove) may stimulate the food web of adjacent habitats (Fig. 5 ). This premise requires further investigation. The inconsistency in the conclusion of this study and those from Tanzania (Dorenbosh et al. 2006 ) may reflect localised circulation patterns influencing mangrove out-welling to nearby seagrass (as well as the diel sampling regime of the present study). This study indicates that mangroves may have cascade effects on the food webs of adjacent habitats, but this requires further study. Partitioning fauna into trophic categories provides a useful tool for understanding the ecological structure in fish assemblages (Khalaf & Kochzius 2002 , Unsworth et al. 2007 ). Abundant planktivorous fish were found in all habitat types, but in much higher densities within seagrass beds close to mangroves, yet far from reefs (Fig. 4) . This trophic group was dominated by one species, Atherinomorus lacunosus, which also had very high abundance within nearby mangrove habitats. The high nutrient cycling within mangrove habitats (Nedwell et al. 1994 ) may stimulate both zooplankton and phytoplankton assemblages providing abundant food for species such as A. lacunosus to feed on at high tide.
Herbivorous fishes, dominated by Siganidae spp. and juvenile Acanthuridae spp., were in much higher densities within seagrass beds close to mangroves and reefs (Fig. 4) . Siganids found in this study commonly use reef habitat and were also found in mangroves indicating the requirement for regular feeding migrations. The absence of many Acanthuridae spp. individuals from the mangroves suggests that their presence in high numbers in seagrass beds close to mangroves and reefs is for nursery shelter and feeding. In addition mangroves adjacent to seagrass beds may serve as refuges from predation for small fishes that forage in seagrasses.
Many questions have been raised about the role of mangroves in supporting juvenile reef fish in the IndoPacific (Laroche et al. 1997 , Sheaves 2005 , with many studies providing contradictory information, which is presumably due to local environmental variability (Laroche et al. 1997 , Laegdsgaard & Johnson 2001 , Lugendo et al. 2005 . We found evidence that mangroves do have a role in supporting juvenile fish, both directly by providing habitat and indirectly as part of an ecosystem of connected habitats. Close proximity of mangroves to seagrass was observed to result in the juvenile fish populations of seagrass beds being 6 times greater than in those distant from mangroves (Fig. 2) . This supports the findings of Dorenbosch et al. (2006) and may be the result of feeding ground availability and shelter from predation provided by the complex mangrove root systems.
Juvenile fish found within Indo-Pacific mangroves have often been considered to be of little commercial importance (Laroche et al. 1997 , Lugendo et al. 2005 . Our study did not find high concentrations of high value juvenile reef fish within mangroves, but did find high densities of juvenile fish species of high importance to local subsistence fisheries (e.g. Lethrinus harak, Choerodon anchorago, Siganus canaliculatus) (May 2005) . Additionally, we found that 7 of the 10 most abundant juvenile fish families within seagrass are of commercial importance (May 2005 , Froese & Pauly 2006 . Six of these 10 species were in higher abundance in seagrass associated with mangroves, which indicates that mangrove habitat is important to the majority of juvenile seagrass fish species (Table 4 ).
In conclusion fish abundance, richness, trophic structure and assemblage composition of seagrass beds were found to be significantly influenced by the proximity of adjacent mangrove and coral reef habitats. Seagrass beds and mangroves were found to be an important habitat for juvenile fishes and when in a 3-way continuum with nearby reefs provided a greater fish nursery function. This research supports the need for ecosystem-level management of shallow water tropical habitats, but also suggests that management requires knowledge of local level processes and habitat interactions, along with water circulation to successfully enhance or conserve fish assemblages.
